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Be A. Sevast'yanov

Int.mdur'tim to the report, “Theory of Br\umhug Stoshastic Processes®,

which. appsared in the jourmnal Uspeichi )ht\c\.tiohockﬁkh Nauk, Volume
s Nw/brz 148

| E . . . .';'
v, No'b !JS)Npagaa h7-99 The u'pmuii!‘x "stochastic procesees” is in

Russlap "s.uchaynyye protsessy” (<x,uaum-e rrpou.eccn) - ' 5
- In pn;ynu and ehemistry oocur uny ph.nom; which are connested nth

§
the t,r-nsfomum of particles of cne tm mt,o pnﬂ.ioloc ot some ot.hcr t.ypas

T

Ia the study of suoh phenomena diftonnuul oquauom um as the ordj.;ury
apoaratus for thalr investigation. Ln mu oaso the computations are chrriod
out with respect tn the mgan values of m mubor of particles. Tma. xor ex
awpie, in chemistry the law of mass im.im ‘p.mlu us to derive the dii‘!onntml
squationa for the concentration of the mbotnus taking part in the ruction, i
Lst us 1llustrate the nbovmnt.:.a:,od by maana of the t‘olloving cxmp.\e
The phowcmmcal reaction of the fomt.lcn of HCl ‘from the mixture of !32 and u-?

prooseds ascondtng te the following ncboul

Cl,z"nv'ul#(‘,;\ _
. ! . .
cl + K °'H*H01\ S
2 ‘ B
H *+ C,= cl~uc1,‘

cl’ﬂg"noacly\ :
k ;
\ !

Undsr the action of a qusntwm of uw. Gho n\chnh c.l breukl up into fuo atoms

of chlorine, each of which starts a chain oi‘ '.nmtcmuom. Since mptnn o

the ohainwndin; the reaction of the H or Cl‘\ -tul vit.h m mdixture or tba recom -
unlikelg %

bimum of the atams an ma wvalls of the meticn naul, is nryq*l auch_

ohaina w11l ordinarily de vuv long. It hu\bo-n uublitwd that one quum- of

1ight absorbed by s mixture ot i, and C1, will ‘~‘ 105 BC1 wolesules. éo xor..

fhis fact permits us for the sake of mpncm amng w.mhu-u of m nry

& i 1 ' @
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hmaimx_ﬁﬁﬁﬁ%‘“‘h**m!!,gﬁm i, oo Cl |

m.mm ko tmmmam ’ . | “i |
H *Cly” CleEC1 !

W:Mnm«tmm«tnm«mmuunmmm ‘
HudCl as imveriable. rmmummummnm- ‘,

i ooncontrations of H, | |
E% uum are only thoss particlss which are searde at tae beginming of ths reastioa.
e ln«mrexnmhﬁhilvillboClMll“mdlﬂlM.‘idelelu
| ' and Cl, we oan
. wspnc}iuly particles of typos rl. '!2 and 1'3. s, omitting Hz l.2
; describe rescticn (1) in the following wmmer:
‘ % L . i
‘;‘ : TZ‘.Tl‘TJn “m
For the sake of simplisity we shall assume that both resctions procesd wi
; aome v:rolocity- Then for the msan veluss of the pusber of partioless of typss
T ,7 end T the following system of & fferential sguationa holds:
2 3
T_}. = -.knl . lnz
e as
—~2 = ¥ . (3)
| T
#‘t ¢ i .

% ® “("1"‘2) .

Since we are studying the chain pssstion begimming with ene partisle of wpe T,
then for ¢t © O wo havo

M, =1 ad RNy °0. (4)
Solution of the system (3) for the imtial ecnditions (h) has the form:

L ,(1¢-"""). B,"%(l-o'&'). By =kt .
cdmhtimocmuwtnﬁnwwonlymuvumofmo
w:«wmmm ibr“tbtonuucmu-m.
toﬁnda]ndwmmdmmdpm“mhmtofﬁ.ot
the process. nnvobdnpmuu-,itmm,mhﬂwdmtbum—w

so-aalled branehing stochastic processes. This sohmms efben affords sn effectiv.
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WW
»hﬁ.nocﬂnmn- M-mhunnnaw.
mwcwﬁiﬁ(ﬂ. 1st ome partisle of Wpe T, uwmm
of
mwwwunﬁpmnwpno o(n)mr'ot,. ug«m
- g
partd ? thmAtudﬁmme ”
ch“wa of !Nmmnbh The stale of our
tnso‘! 013, Mh%mpu‘ualn gre ,

]
m'ﬂlhmﬁmd\'ﬂihmtityafmmamfﬁ .’itj
Doaimunamqnmﬁ!of'-mf W!iwonmuduﬂw Mm‘ ﬁ
systen by the \hrea~dimensional vester @ (ﬁ.c&,c,). It i3 easy to see : i

N ; A
mm«uammmncw MP“(%)NWPMJM y W
| prooean o
| . The probebility N
‘ M.gumtwumtwnmﬂwucmawti .
setisfios the syvtem of wffnutid squations . | ﬁ'
gn ;P’ ¢ pi K
the state .
4 @ i the probability dmsity of the transition from . &
. Q% forp ) .gre of the system S:
(-} ¢ @, snd qa is the probability density of the escsf :
to the ste %, ; . |
£ the state & It is easily soen that in our cage qp is detemi _ ‘@ ,
rom .

follewing mntimm ) _ ; maa!, g | -

IChRal g Prouti BhEval By 4
(a;-ﬂ)ﬁ Fop=ov= b, Bamact! eyt ()
G.by B3) |- @top i+ Pa=us amhi,3;

n all remainang (ases formt
Tims, the eystem of oqd?tim (s) 1; written dow the following
]

Loty lie ) gy « KA Lard) (g ap - (aemdpr™ (7

(~! ’ "‘l.ﬂb)

s
;

- the result ob-
Mnltiplying both sides of equaticn (7) Wy H“:?xg end sussming

mudmm
umduumsummdmmsm;w(ﬁ%e\).mcm
um
finite system of equati om(?)witht&ndtoftbponﬁnghmc ‘
in

F(t;x,l.xz,xj) - z PXL) = pc%l% | ,.

' (8)
e
ditions:
me selutian of equaticn (8) must be satisfied DY N(.um eon

‘x') .‘2 $ ‘1 ‘ pasdo

| Mﬂnndu—aﬂuw

I
(hyetatay e, ® .
3 rby oyl »ow.r i d
VY \(! i b ", mjpjwig“h AR RRErTY 8 ﬁ‘ _ﬁl
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p

. —w‘ ¢ if'l rie
F(f I,,:.,%,')xz W _" ‘r’-l-e 4—\(3 .'i"i""“ {10) - t

(4

Expending (10) in powvers of T find t%he duind prebabllitiess

| p(L0002R) o (54) 2 /gPb(ay)y ,  p(Oede@col), (pe) =2 /e (ace1)! ¢

Since m have . “
K () = W(4i2,1,1)/, ,

then differomtiating (8) with respeet %o z; and setiing x, °x,"x,"] we obtain the

first oquatiocn for the methemstical expoctaifions of sywtea (3). The remeining

two equations of eystea (3) are obtained if we differentiets (8) with respect te

X, end %, respectively. We nots here that the sceffielest k in systm (3) s

cbtained oqual to p.

In oquation (8) the expression PRy g serves as the ecofficisat of
ar/&l,.f Here tha transformation T, = T, ¢ Ty ocours in the studied spweéhon
during the time At with the probability pat ¢ o(At). Hemse it is easy to note
as a rale the compoaitiom of the cosffickents of the derivetiwes «hr/hg1 md 3 /2,
in the squation (8). This es. @ Pulp possesses a gemeral character. We shall
wlﬁy this significantce in order to caplicate to e certaln extent the problem.

‘Cleser to the real behavior of the reactiom will bo the asswsptian ef the
pouibil;ltlw of rapture of the chein. Let us ssoums that in uuu.- it a pm:loh.
of type T, "diss cut® with the prebebdlity git ¢ o(At) (that is, falls cut ef the
chain reaction by joining, fer exenple, with the mixture). Lot us assume the sans
moré‘rmmmmawr. Then in snalogy with (8) we cea write down for
the genereting feseticn r(enl.x!.::)) the pertial darivetive equatiom Pl

=ty prpd E+[prn+i-gepud®,, (D
tm sclaticn mst setisfy the eemditiens (2)e Diffevestisting (11) with respoat,
te '1”2" ead sotting xlq.-x’ﬂd. vo ebdain 4 ayedem of difforential equatians

‘ - /s - o, . ()
/e - pinyny) ‘

m“umﬂhuwmqw- um—qu)n-.m
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In perticulars n,(w) = p/q. solvm; oquatica (11) we find the gmnmﬂ,nc functicn
; E‘C’Wt?”‘rf'

F(v3x ,X % ):
> -Gt (™2 O+ P"ﬂ o -

wi_-tpradt (oprrt, S PV
F(t anm‘ﬂ" % (e S"’

Ty 18 eesy to see that as L

o the particles of wypes LN mnd 7, sooner Or i

later will e out and only particles of the type TB will remai, tm m‘mber of
r diminish after tois. From (13) 1t is easy to c»duco tpat the
i

number of perticles af 1Wpe T, owild .wal o piven

whach @il 1 neve

|

I

l

L pm\-a‘nls‘iu W that the finsl
"

i ‘ Aundier £ b5 ey ressed Uy Lne formuls

| ’ v - -L(-Lq)

n > i
i .
“ which naturally ngreos Witk the apmuim for the mathematical u:poﬂ ation Just

¥y(0) = 22" X n‘iv(__R..}

/,rvf 4 ]
y-hagtic pmnesme*iofmed in all thel: gmeruli‘.,yglm!‘ in

i mantionsd |
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tyesn tna prrhicied gub jected LO calculation (vh
rof the chanses of sige particles npom their posiua
@-of- ibe chains at tm in the case

the particies upon thair: enerey (top.-

dapendencs n in ‘npace (for ex-

ample, turing g poumntingd
of chemical eoactions), ©) W& of

1n shower Processes ip cosmic ray studea)

ewla, :
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